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ELRPHFKDQLFVRI WKH WZR OHJ VWDQGSRVLWLRQ'',&UHYHDOHG WKDW WKH GLVSODFHPHQW YDOXH LQ WKHXSSHUGLDSK\VHDO
DUHDZDVKLJKHUWKDQWKHRQHPHDVXUHGLQWKHIHPRUDOQHFNDUHDUHVXOWVFRQILUPHGE\ WKH³IUR]HQVWUHVVWHFKQLTXH´




)RU WKH VSDWLDODQDO\VLVZHFRQVLGHUHGDQRVWHRSRURWLF KXPDQIHPRUDOERQH7KHKXPDQIHPXUXVHGZDVGRQDWHG
E\ WKH $OH[DQGUX 5ăGXOHVFX 2UWKRSDHGLFV DQG 7UDXPDWRORJ\ &OLQLTXH RI &OXM1DSRFD $IWHU XQGHUJRLQJ WKH
SUHSDUDWLRQSURFHVVWKH PRGHO ZDVVFDQQHGXVLQJ6WLQJHU,,GHYLFHZKLFKLVDSRUWDEOHPHDVXUHPHQWDUP)LJ 
7KHVFDQQLQJVWHSUHVXOWHGLQDSRLQWFORXG)LJ  >@
)LJ 6FDQQLQJSURFHVVXVLQJ
6WLQJHU,,  6WLQJHU,,V\VWHP ±
SUREH ± IHPRUDOERQH
)LJ  3RLQWFORXGPRGHOUHVXOWHGIURPWKH'VFDQ ± WKHLPDJHUHSUHVHQWVRQO\WKH SUR[LPDOIHPXU
DUHD
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7KHVHLPSHUIHFWLRQVZHUHFRUUHFWHG XVLQJ*HRPDJLFVRIWZDUH)LJEFGHDQG WKHPRGHO ZDVWUDQVIRUPHG
LQWRD&$'PRGHO )LJI
)LJXUHVKRZVKRZWKH&$'PRGHORIWKHIHPRUDOERQH ZLOOEHORDGHGDQGOHDQHGIRUWKHQXPHULFDODQDO\VLV
7KH ORDGLQJDQGERXQGDU\FRQGLWLRQVZLOO UHVSHFW WKHELSHGDOSRVLWLRQZKLFKGRHVQRWFRQVLGHU WKHPXVFOHIRUFH




)LJ 7KHFRUUHFWLRQVVWHSVWDNHQWRUHVROYHWKHGLVFRQWLQXLWLHVLQWKHPRGHOUHVXOWHGIURPWKH'VFDQDIURQWDOYLHZ ± SUR[LPDOVXSSRUW ±
FRQWLQXRXV&$'PRGHORIWKHIHPRUDOERQH ± GLVWDOVXSSRUWEEDFNYLHZ
 0HFKDQLFDOSURSHUWLHV
7KH H[SHULPHQWDO VHWXSXVHG IRU WKH WZRPHWKRGV',&DQGSKRWRHODVWLFLW\ KDVEXW WKUHH FRPSRQHQWV WKDW DUH
XVHGIRUWKH)LQLWH(OHPHQW$QDO\VLV)($DVZHOOWKHSUR[LPDOVXSSRUWWKHFRQWLQXRXV&$'PRGHORIWKHIHPRUDO
ERQHDQGWKHGLVWDOVXSSRUW 6RZKHQXVLQJ',&DOOWKUHHFRPSRQHQWVZHUHPDGHIURPHSR[\UHVLQ V  NJP
(',& 03D R  >@ )RU WKHSKRWRHODVWLF QXPHULFDODQDO\VLV WKH HSR[\ UHVLQ IHPRUDOERQHPRGHO
KDV VOLJKWO\ GLIIHUHQW PHFKDQLFDO SURSHUWLHV V  NJP (3KRWR  03DR  )RU DQ DFFXUDWH
VLPXODWLRQRIWKHEHKDYLRXURIHSR[\UHVLQDQH[SHULPHQWDOXQLD[LDOVWUHVVVWUDLQGDWDVHWZDVLQWURGXFHG >@ :KHQ
XVLQJ SKRWRHODVWLFLW\ EHFDXVH RI WKH ³IUR]HQ VWUHVVHV WHFKQLTXH´ XVHG WKH SUR[LPDO VXSSRUW ZDV PDGH IURP





)RUVWDUWHUV WKHH[SHULPHQWDOPHWKRGFKRVHQIRUWKH VWXG\ RIWKH'FRQWLQXRXVPRGHOPROGHGXVLQJHSR[\UHVLQ
LV 'LJLWDO ,PDJH &RUUHODWLRQ ',& > @ 7KHPRGHOZDV ORDGHG WRFRPSUHVVLRQ7KHSUR[LPDO VXSSRUWPROGHG
IURP HSR[\UHVLQ ZDVPDGHWR VKDSHWKHKLS MRLQW)LJ ,Q WKHGLVWDO DUHDWKH GHJUHHVRIIUHHGRP ZHUHFDQFHOHG
7KHPRGHOZDV ORDGHG LQWZRSRVLWLRQVIURQWDO )LJDDQGVDJLWWDO)LJF 6L[IRUFHVZHUHXVHG 
DQG1 )RUHDFKSRVLWLRQ D SRLQW ZDVFRQVLGHUHG ZKHUH WKH YDOXHV RI WKHGLVSODFHPHQWVRQ WKH\D[LVZHUH
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SRVLWLRQ SRLQW 2 ZDV SODFHG RQ WKH VKDIW )LJ  G 7KH H[SHULPHQWDO GLVSODFHPHQW YDOHV IRU WKH WZR SRLQWV




VWDQGSRVLWLRQ ,Q WKLVSRVLWLRQ WKHXSSHUERG\ZHLJKW LVGLVWULEXWHGHYHQO\ WR WKH WZRKLSMRLQWV 7KH ILYH ORDGLQJ
YDOXHVXVHGIRUWKH H[SHULPHQWDOPHDVXUHPHQWV DQG1DUHXVHGIRUWKHQXPHULFDOVLPXODWLRQ 7KH
&$'PRGHORIWKHORDGLQJVHWXSLVVKRZQLQ)LJXUH7KHQXPHULFDOPRGHOZDVPHVKHGXVLQJWHWUDKHGUDOHOHPHQWV
RIGLIIHUHQW VL]HV 7KHDYHUDJHRI WKUHHYDOXHV IRUHDFK ORDGLQJ IRUFHQHDUSRLQWV2 )LJ DQG2 )LJ DUH
VKRZQLQ 7DEOH  ± 2 DQG7DEOH ± 2
)LJ 1XPHULFDOGLVSODFHPHQWYDOXHVIHPRUDOQHFNDUHD )LJ  1XPHULFDOGLVSODFHPHQWYDOXHVGLDSK\VHDORXWHUILEUHDUHD
 5HVXOWV
7DEOHV  DQG  SUHVHQW WKH FRPSDULVRQ EHWZHHQ WKH H[SHULPHQWDO PHDVXUHPHQW UHVXOWV ',& DQG QXPHULFDO
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SRLQW2 ZHUHUHFRUGHGKLJKHUYDOXHVRIGLVSODFHPHQWV7KLVLVGXHWRWKHIDFWWKDWWKHFURVVVHFWLRQRIWKHIHPRUDO
QHFNKDVDODUJHUGLDPHWHUWKDQWKDWRIWKHIHPRUDOVKDIWDQGFRQWLQXRXVDQGKRPRJHQHRXVVWUXFWXUHRIWKH PROGHG
PRGHO VWXGLHG OHGWRDKLJKHU VWLIIHQLQJRIWKHIHPRUDOQHFN UHJLRQZKLFKLQUHDOLW\LVILOOHGZLWKFDQFHOORXVERQH
>@ )LJXUHV  DQG  DOVRSUHVHQWV WKHFRPSDULVRQRIH[SHULPHQWDO DQGWKHQXPHULFDO UHVXOWV
7DEOH  &RPSDUDWLYHDQDO\VLVRIWKHH[SHULPHQWDODQGQXPHULFDOUHVXOWV IRUSRLQW2 ± IHPRUDOQHFNDUHD
7HVWQR )1 'LVSODFHPHQW2',& PP 'LVSODFHPHQW2)($ PP 5HODWLYHGHYLDWLRQ',&)($>@
    
    
    
    
    
    
7DEOH  &RPSDUDWLYHDQDO\VLVRIWKHH[SHULPHQWDODQGQXPHULFDOUHVXOWV IRUSRLQW2 ± GLDSK\VHDODUHD
7HVWQR )1 'LVSODFHPHQW2',& PP 'LVSODFHPHQW2)($ PP 5HODWLYHGHYLDWLRQ',&)($>@
    
    
    
    
    
    
)LJ1XPHULFDODQGH[SHULPHQWDO UHVXOWV ± 2 )LJ1XPHULFDODQGH[SHULPHQWDOUHVXOWV ± 2
 3KRWRHODVWLFPHWKRG
 ([SHULPHQWDOPHDVXUHPHQWV
7KH QH[W VWHS LQ WKH DQDO\VLV RI WKH FRQWLQXRXV HSR[\ UHVLQ PRGHO RI KXPDQ IHPRUDO ERQH ZDV D VSDWLDO
SKRWRHODVWLFVWXG\ >@7KHVWXG\ZDVFRQGXFWHGRQDPROGHGPRGHORI WKH IHPRUDOERQH WKDW UHVSHFW WKHH[WHULRU
JHRPHWU\ RI WKH KXPDQ IHPRUDO ERQH DQG ZDV PDGH XVLQJ WKH VDPH PHWKRG DV IRU WKH ',& GLVSODFHPHQWV
PHDVXUHPHQWVSUHVHQWHG LQ WKHSUHYLRXV VHFWLRQ 7KH FDOLEUDWLRQ VWHS DLPV WRGHWHUPLQH WKHSKRWRHODVWLF FRQVWDQW
ıZLFKIRUWKHPDWHULDORI WKHHSR[\UHVLQIHPXUDOERQHLV03D
)LJXUH  VKRZV ERWKWKH ORDGLQJVHWXSDQGWKH'PRGHO EHIRUHEHLQJSODFHGLQWKHRYHQ7KHXSSHUVXSSRUW 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PHDVXUHPHQWV 7KH ORDGLQJYDOXHXVHG LV 1 DQG LQFOXGHV WKHZHLJKWRI WKHSUR[LPDO VXSSRUWDQG IL[DWLRQ
VFUHZ 7KH IHPRUDOERQH PRGHOZDV FXW ORQJLWXGLQDOO\ZLWK WZR IURQW VHFWLRQ )LJ 7KH UHVXOWLQJ VWULSKDV D
WKLFNQHVVRIPP DQGUHVSHFWWKHFXUYDWXUHRIWKHIHPRUDOERQH)LJ F (YDOXDWLQJWKHVOLFHXQGHUSRODUL]HG
OLJKW)LJ WKHLVRFKURPDWLFRUGHU LQUHIIHUHQFHWRWKHPRGHOVLQQHUDQGRXWHUILEUHVDUHUHSUHVHQWHGLQ 7DEOHV 
)LJ  /RDGLQJVHWXSRIWKH'PRGHO ± ORDGLQJOHYHU ± SUR[LPDOVXSSRUW
XSSHUVXSSRUW ± 'HSR[\UHVLQPROGHGPRGHORIWKHKXPDQIHPRUDOERQH 





,W LV REVHUYHG WKDW WKH PD[LPXP VWUHVV DUHD LV WKH IHPRUDO VKDIW WKXV FRQILUPLQJ WKH UHVXOWV REWDLQHG LQ WKH
SUHYLRXVVHFWLRQZKHUH',&ZDVXVHGWRGHWHUPLQHWKHGLVSODFHPHQWVRQWKHVXUIDFHRIDFRQWLQXRXVPRGHO
)XUWKHUPRUH DQDO\]LQJ WKH REWDLQHG VOLFH ZH KDYH IRXQG WKDW RQ WKH LQWHULRU ILEHU D ODUJHU RUGHU RI WKH
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 )LQLWH(OHPHQW$QDO\VLV)($
$QV\V :RUNEHQFKLVWKHVRIWZDUHXVHGIRU)($ 7KH ORDGLQJVHWXS ERXQGDU\FRQGLWLRQV DQGPHVKLQJ UHPDLQWKH
VDPHDVIRUWKHGLVSODFHPHQWVDQDO\VLV ',& 7KH ORDGLQJYDOXH XVHGIRUWKH H[SHULPHQWDOPHDVXUHPHQWV  1
LV XVHGIRUWKHQXPHULFDOVLPXODWLRQ DV ZHOO 7KHPHFKDQLFDOSURSHUWLHVIRUWKH IHPRUDOERQHPRGHO ZHUH VHOHFWHGLQ
WKHVDPHPDQQHUDV IRUWKH',&QXPHULFDODQDO\VLV 7KHDLPRIWKLVQXPHULFDODQDO\VLVLV WRREWDLQWKHFKURPDWLF
PDLQ VWUHVV GLDJUDP IRU WKH ORDGLQJ YDOXH LQ RUGHU WR FRQILUP WKH VWUHVV GLVWULEXWLRQ SUHYLRXVO\ SUHVHQWHG IRU WKH
IHPRUDOERQHHSR[\UHVLQPRGHO )LJ
)LJ 0DLQVWUHVVHVGLDJUDP IRUHSR[\UHVLQIHPRUDOERQHPRGHO )   1DLQQHUILEHUYDOXHVRIWKHQRUPDOVWUHVVERXWHU ILEHUYDOXHV
RIQRUPDOVWUHVV
7KH QXPHULFDO UHVXOWV FRQILUP WKDW WKH PD[LPXP VWUHVVHV DUH LQ WKH IHPRUDO VKDIW DUHD )RU WKH SUHYLRXVO\
PHQWLRQHG ORDGLQJ YDOXH RQ WKH LQQHU DQG RXWHU ILEHU RI WKH QXPHULFDO PRGHO RI WKH KXPDQ IHPRUDO ERQH WKH
REWDLQHGYDOXHVRIWKHQRUPDOVWUHVVDUHVKRZQLQ7DEOH $ QXPHULFDODQDO\VLV RIWKH FKURPDWLFHTXLYDOHQWYRQ
0LVVHVVWUHVVGLDJUDP ZDVDOVRGRQH 7KHQXPHULFDOUHVXOWVFRQILUPWKDWWKHPD[LPXPVWUHVVHVDUHLQWKHIHPRUDO
VKDIWDUHD7DEOH  VKRZV WKHYDOXHVRI WKHVHVWUHVVHV IRU WKH LQQHUDQGRXWHU ILEHURI WKH WZRHSR[\UHVLQPROGHG
IHPRUDOERQHV
 5HVXOWV
7DEOH  SUHVHQW FRPSDUDWLYHUHVXOWV EHWZHHQWKHH[SHULPHQWDO PHDVXUHPHQWV SKRWRHODVWLFLW\ SHUIRUPHG RQWKH
VOLFH REWDLQHGE\DSSO\LQJWKH³IUR]HQVWUHVVWHFKQLTXH´RQWKHPRGHO RIHSR[\UHVLQRIWKHKXPDQIHPRUDOERQH DQG
WKH QXPHULFDO YDOXHV ,W ZDV REVHUYHG WKDW IRU WKH IHPRUDO PRGHO UHODWLYH GHYLDWLRQV IRU WKH YDOXHV RI QRUPDO
VWUHVVHVIRUWKHLQQHUDQGRXWHUILEHU DUHEHORZ  )ROORZLQJWKLVDVVHVVPHQW WKHLQQHUILEHU ZHUHUHFRUGHGKLJKHU
YDOXHVRI VWUHVV7KLV IDFW FRQILUPHG WKH',&H[SHULPHQWDODQDO\VLVDQG WKH UHVXOWV WKDW WKH LQQHU ILEHU WDNHVRQD
PXFKJUHDWHUYDOXHRIWKHORDG $VDODVWDQDO\VLVRQWKH PRGHOWKHQXPHULFDOYDOXHVRIWKHHTXLYDOHQW9RQ0LVVHV
VWUHVVHVGLVWULEXWLRQZHUHGRQHIRUERWKQXPHULFDOPRGHOVIRUWKHLQQHUDQGRXWHUILEHU7DEOH
7DEOH &RPSDUDWLYHUHVXOWVIRUPDLQQRUPDOVWUHVVHV ± H[SHULPHQWDODQGQXPHULFDODQDO\VLV  )HPXU ʍ  03D
)>1@ ı LQQHUILEHUH[SHULPHQWDO >03D@N  ı LQQHUILEHUQXPHULFDO >03D@ 5HODWLYHGHYLDWLRQ 3KRWR)($>@ ı 9RQ0LVVHV LQQHUILEHUQXPHULFDO >03D@

   
ı RXWHUILEHUH[SHULPHQWDO >03D@N  ı RXWHUILEHUQXPHULFDO >03D@ 5HODWLYHGHYLDWLRQ 3KRWR)($>@ ı 9RQ0LVVHVRXWHUILEHUQXPHULFDO >03D@
   
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7KHVH VWXGLHV VKRZ WKDW DOWKRXJK WKH WZR RSWLFDO PHWKRGV EULQJ LPSRUWDQW FRQWULEXWLRQV PDGH E\ UHOHYDQW
LQIRUPDWLRQDULVLQJIURPQXPHULFDODQDO\VLVXVLQJWKUHHGLPHQVLRQDO&$'PRGHORIIHPRUDOERQHWKHIDFWWKDWWKH
PROGHGPRGHOKDVDFRQWLQXRXVFURVVDQGORQJLWXGLQDOVHFWLRQWKHUHVXOWVGRQRWUHIOHFWUHDOLW\
7KH UHVXOWV SUHVHQW D FRPSOHWH SLFWXUH RI WKH ILHOG RI GLVSODFHPHQWV DQG VWUHVVHV GLVWULEXWLRQV RI WKH FDVW







>@  6SULQJHUKDQGERRN RIH[SHULPHQWDOVROLGPHFKDQLFV 6SULQJHU 
>@  0DUNV
6WDQGDUG+DQGERRNIRU0HFKDQLFDO(QJLQHHUV1HZ<RUN0F*UDZ+LOO 
>@ 'LFNLQVRQ $6 7D\ORU $& 2]WXUN +HWDO ([SHULPHQWDO9DOLGDWLRQRID)LQLWH(OHPHQW0RGHORIWKH3UR[LPDO)HPXU8VLQJ'LJLWDO,PDJH
&RUUHODWLRQDQGD&RPSRVLWH%RQH0RGHO -RXUQDORI%LRPHFKDQLFDO(QJLQHHULQJ  
>@ 9llQlQHQ 63 <DYDUL 6$ :HLQDQV + 5HSHDWDELOLW\RIGLJLWDOLPDJHFRUUHODWLRQIRUPHDVXUHPHQWRIVXUIDFHVWUDLQVLQFRPSRVLWHORQJERQHV
-RXUQDORI%LRPHFKDQLFV   ±
>@ 2UU -) ,PDJHVIURP:DYHV ± SKRWRHODVWLFPRGHOOLQJRIERQHV WK6DPXHO+DXJKWRQ/HFWXUH%LRHQJLQHHULQJ6HFWLRQRI5R\DO$FDGHP\RI
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